













UHODWHG WR XQVDWXUDWHG VWUHVV DQDO\VLV DSSOLHG IRU VORSH VWDELOLW\ DQDO\VLV VXFK DV 8QVDWXUDWHG SKL
E8QVDWXUDWHG )UHGOXQG 8QVDWXUDWHG 9DQDSDOOL 8QVDWXUDWHG .KDOLOLDQG8QVDWXUDWHG 9LODU PRGHO
7KHVHPHWKRGVDUHHVWLPDWLQJ LQGLIIHUHQWPDQQHUV WKH VKHDU VWUHQJWKGHSHQGLQJRQ VRLOXQVDWXUDWHG
FRQGLWLRQV7KHVHPHWKRGVDUHDSSOLHGLQWKHVHFRQGSDUWRIWKHSDSHULQDFDVHVWXG\SUHVHQWLQJDVLWH
DIIHFWHG E\ ODQGVOLGHV ORFDWHG LQ &OXM1DSRFD 5RPDQLD )RU WKH VORSH VWDELOL]DWLRQ D VLSKRQ GUDLQ
V\VWHP KDV EHHQ SURSRVHG DQG LQVWDOOHG $Q H[SHULPHQWDO SURJUDP VWDUWHG DQG LV RQJRLQJ RQ VLWH







6ORSH VWDELOLW\ LV ODUJHO\ DIIHFWHG E\ ZDWHUUHODWHG FKDQJHV LQ WKH VRLO PDVV 2EYLRXV WKHUH DUH
QXPEHURISRVVLEOH IDFWRUV WKDWFDQ OHDG WR WKH LQVWDELOLW\ RID VRLO VORSH ,QJHQHUDO HDUWKHQVORSHV
UHPDLQ VWDEOHXQOHVV WKHUH DUH FKDQJHV LQ WKHSRUHZDWHU SUHVVXUHV LQ WKH VRLO FRPSULVLQJ WKH VORSH
&KDQJHV LQ SRUHZDWHU SUHVVXUH DUH JHQHUDOO\ WKH UHVXOW RI ZDWHU LQILOWUDWLRQ UHODWHG WR WKH FOLPDWLF
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PDQGDWRU\ IRU REWDLQLQJ UHDOLVWLF UHVXOWV 7UDGLWLRQDO VDWXUDWHG VRLOPHFKDQLF DSSURDFK FDQQRW VROYH
WKH SUREOHP (VSHFLDOO\ ZKHQ D GUDLQDJH V\VWHP LV LPSOHPHQWHG IRU HQVXULQJ VORSH VWDELOLW\ WKH
QHJDWLYHSRUHZDWHUSUHVVXUHLVSHUPDQHQWDQGKLJKO\LQIOXHQFLQJWKHVDIHW\IDFWRU
3DSHU SUHVHQWV LQ WKH ILUVW SDUW VRPH JHQHUDOLWLHV DERXW PHWKRGV XVHG IRU VWDELOLW\ DQDO\VLV LQ
XQVDWXUDWHGVORSHVPHWKRGVZKLFKZLOOEHODWHUXVHGIRUDFDVHVWXG\&DVHVWXG\SUHVHQWVDQLQVWDEOH
VORSHZKLFKLVLQSURFHVVWREHFRQVROLGDWHGXVLQJVLSKRQGUDLQVWKXVE\UHGXFLQJSRUHZDWHUSUHVVXUH








DSSOLFDWLRQ RI PRGHUQ RSWLPL]DWLRQ WHFKQLTXHV EDVHG RQ JHQHWLF PDQDJHPHQW RI FRPSXWDWLRQV
PXOWLSOHZHGJHDQDO\VLVHWF7UDQDQG6URNRV]








)RU WDNLQJ LQWR DFFRXQW WKH VRLO VKHDU VWUHQJWK PRGLILFDWLRQ GXH WR VXFWLRQ HYROXWLRQ VHYHUDO
PHWKRGVDUHDYDLODEOHDQGLPSOHPHQWHGLQFRPPHUFLDOVRIWZDUH:HZLOOUHIHUWRDQGODWHUDSSO\VRPH
RI WKHPHWKRGV LQFOXGHG LQ 696ORSH VRIWZDUH ZKLFK DUH HVWLPDWLQJ LQ GLIIHUHQWPDQQHUV WKH VKHDU
VWUHQJWK GHSHQGLQJ RQ XQVDWXUDWHG VRLO FRQGLWLRQV 7KHVH DUH 8QVDWXUDWHG 3KLE 8QVDWXUDWHG
)UHGOXQG8QVDWXUDWHG9DQDSDOOL8QVDWXUDWHG.KDOLOLDQG8QVDWXUDWHG9LODUPRGHO692IILFH
7KH8QVDWXUDWHGSKLEPHWKRGGHILQHVWKHSDUDPHWHUԄୠDVWKHDQJOHGHILQLQJWKHLQFUHDVHLQVKHDU
VWUHQJWK IRU DQ LQFUHDVH LQ PDWULF VXFWLRQሺୟ െ ୵ሻ 7KH XQVDWXUDWHG VKHDU VWUHQJWK DQJOH YDULHV
EHWZHHQ Ͳ௢ DQG Ԅᇱ )UHGOXQG DQG DO  SURSRVHG WKH IROORZLQJ HTXDWLRQ  DV WKH IDLOXUH
FULWHULRQIRUDQXQVDWXUDWHGVRLOH[SUHVVHGLQWHUPVRIWZRVWUHVVVWDWHYDULDEOHVWKHQHWQRUPDOVWUHVV
ɐ െ ୟሻDQGWKHPDWULFVXFWLRQሺୟ െ ୵ሻ)UHGOXQG 
 ɒ ൌ ᇱ ൅ ሺɐ୬ െ ୟሻԄᇱ ൅ ሺୟ െ ୵ሻԄୠ 
ZKHUH VKHDUVWUHQJWKᇱHIIHFWLYHFRKHVLRQɐ୬WRWDOQRUPDOVWUHVVୟSRUHDLUSUHVVXUH୵
SRUH ZDWHU SUHVVXUH Ԅୠ  XQVDWXUDWHG VKHDU VWUHQJWK DQJOH JHQHUDOO\ WDNHQ HTXDO WR KDOI RI WKH
HIIHFWLYHIULFWLRQDQJOHYDOXHLQDEVHQFHRIRWKHUWHVWV.UDKQ
7KH 8QVDWXUDWHG )UHGOXQG PHWKRG UHTXLUHV WKH HQWU\ RI WKH VRLOZDWHU FKDUDFWHULVWLF FXUYH
6:&&GHSHQGLQJRQWKHYROXPHRIZDWHUSUHVHQWLQWKHVRLODWDSDUWLFXODUVXFWLRQOHYHO)UHGOXQG
DQG;LQJ7KLVPHWKRGPDNHVXVHRI)UHGOXQGDQG;LQJHTXDWLRQ
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7KH 8QVDWXUDWHG 9DQDSDOOL PHWKRG GHSHQGV DOVR RQ WKH 6:&& %DVHG RQ )UHGOXQG DQG ;LQJ
HTXDWLRQ  9DQDSDOOL DQG )UHGOXQG  SURSRVHG D PRUH JHQHUDO QRQOLQHDU IXQFWLRQ IRU
PRGHOLQJWKHXQVDWXUDWHGVKHDUVWUHQJWK
߬ ൌ ሾܿᇱ ൅ ሺߪ௡ െ ݑ௔ሻݐܽ݊߶Ԣሿ ൅ ሾሺݑ௔ െ ݑ௪ሻሼሺȣ௞ሻሺݐܽ݊߶ᇱሻሽሿ   
ZKHUH LQ DGGLWLRQ WR HT  N  WKH ILWWLQJ SDUDPHWHU XVHG IRU REWDLQLQJ D EHVWILW EHWZHHQ WKH
PHDVXUHGDQGSUHGLFWHGYDOXHV߆  WKHQRUPDOL]HGZDWHUFRQWHQW/DWHU9DQDSDOLHWDO KDYH
SURSRVHGDPRGLILHGHTXDWLRQZLWKRXWXVLQJWKHILWWLQJSDUDPHWHUN
߬ ൌ ቂܿᇱ ൅ ሺߪ௡ െ ݑ௔ሻݐܽ݊߶Ԣሿ ൅ ሾሺݑ௔ െ ݑ௪ሻ ቄሺఏೢିఏೝఏೞିఏೝ ሻሺݐܽ݊߶
ᇱሻቅቃ   
ZKHUHߠ௪WKHYROXPHWULFZDWHUFRQWHQWߠ௦WKHVDWXUDWHGYROXPHWULFZDWHUFRQWHQWߠ௥WKHUHVLGXDO
ZDWHUYROXPHWULFFRQWHQW





 ሺɗሻ ൌ ᇱ ൅ நୟାୠந     






 ߬ ൌ ൣܿ ƍ ൅ ሺߪ௡ െ ݑ௔ሻݐܽ݊߶ƍሿ ൅ ሾሺݑ௔ െ ݑ௪ሻ൛ሺ࣑ሻሺݐܽ݊߶ ƍሻൟ൧   









7KLV FDVH VWXG\ SUHVHQWV D VLWH DIIHFWHG E\ ODQGVOLGHV ORFDWHG LQ &OXM1DSRFD FLW\ LQ FHQWHU RI
5RPDQLD7KHSURMHFWWREHGHYHORSHGRQWKHVLWHLVDQLQGXVWULDOSDUN7KHVLWHKDVDSSUR[KDDQG
LW LV ORFDWHG RQ +RLD KLOO RQ LWV 1RUWKHUQ VLGH KLOO ZKLFK LV DIIHFWHG E\ QXPHURXV LQVWDELOLW\
SKHQRPHQD RQ DSSUR[  RQ WKH VXUIDFH ZKLOH RWKHU  KDYH KLJK LQVWDELOLW\ SRWHQWLDO 7KH
VORSHRI WKHKLOO LQ WKH VLWHDUHD LV*HRWHFKQLFDO LQYHVWLJDWLRQVSHUIRUPHG LQ WKHDUHDFRQFOXGHG
WKDW WKHPDLQ FDXVH RI LQVWDELOLW\ SKHQRPHQD LV WKH H[FHVV SRUHZDWHU SUHVVXUH GXH WR ERWK UDLQIDOO
LQILOWUDWLRQ DQG JURXQGZDWHU ([LVWLQJ ODQGVOLGHV ZHUH FODVVLILHG DV VKDOORZ RQHV WKHLU PD[LPXP
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GHSWK UHDFKLQJ ± P 7KH SUHOLPLQDU\ DQDO\VLV SHUIRUPHG IRU GHVLJQ SXUSRVHV VKRZHG SRVVLEOH
LQVWDELOLW\IRUVHLVPLFFRQGLWLRQVWKHVLWHLVFKDUDFWHUL]HGE\DGHVLJQVHLVPLFJURXQGDFFHOHUDWLRQDJ 

























:DWHUFRQWHQWZ      
3ODVWLFLW\LQGH[,S      
8QLWZHLJKWȖN1P      
&RQVLVWHQF\LQGH[,F      
6DWXUDWLRQGHJUHH6U      
2HGRPHWULFPRGXOXV
(RHG 01P      
ࢥN      

































)RU DOO VFHQDULRV ZHUH SHUIRUPHG VORSH VWDELOLW\ DQDO\VLV XVLQJ 696ORSH VRIWZDUH  YDULRXV
PHWKRGVDVGHVFULEHLQFKDSWHUKHUHDERYHIRUHVWLPDWLQJXQVDWXUDWHGVRLOVVKHDUVWUHQJWK)RUWKH








2QH FDQ QRWH WKDW IRU D FRPSOHWHO\ VDWXUDWHG VORSH DIWHU D UDLQ\ SHULRG RI WLPH DQG LQ VHLVPLF
FRQGLWLRQVZKLFK LVDFRPPRQK\SRWKHVLVIRUVORSHVWDELOLW\DQDO\VLVLQVHLVPLFDUHDV WKHIDFWRURI
VDIHW\ )R6 LV ODUJHO\ EHORZ  ZLWKRXW GUDLQDJH PHDVXUHV ZKLOH ZLWK GUDLQDJH PHWKRG VLSKRQ
GUDLQVLVLQFUHDVLQJXSWR7KHVHYDOXHVDUHREWDLQHGXVLQJFKDUDFWHULVWLFYDOXHVRIJHRWHFKQLFDO
SDUDPHWHUV WKHUHIRUH  FDQ EH FRQVLGHUHG LQ VRPH FDVHV LQVXIILFLHQW GHSHQGLQJ RQ GHVLJQ
UHTXLUHPHQWV








2QH FDQ QRWH WKDW IRU D FRPSOHWHO\ VDWXUDWHG VORSH DIWHU D UDLQ\ SHULRG RI WLPH DQG LQ VHLVPLF
FRQGLWLRQVZKLFK LVDFRPPRQK\SRWKHVLVIRUVORSHVWDELOLW\DQDO\VLVLQVHLVPLFDUHDV WKHIDFWRURI
VDIHW\ LV ODUJHO\EHORZZLWKRXWGUDLQDJHPHDVXUHVZKLOHZLWKGUDLQDJHPHWKRG VLSKRQGUDLQV LV
LQFUHDVLQJXSWRZKLFKFDQEHDFFHSWDEOHLQVHLVPLFFRQGLWLRQVLIJHRWHFKQLFDOSDUDPHWHUVZHUH
XVHGDVGHVLJQYDOXHV














2EYLRXV D ODUJHU XQVDWXUDWHG ]RQH SRVVLEOH ZLWK LQFUHDVHG VKHDU VWUHQJWK SDUDPHWHUV LI VXFK
LQFUHDVH LVFRQVLGHUHGKDVD IDYRUDEOHHIIHFWDQG WKH IDFWRURI VDIHW\ LV LQFUHDVLQJ)RU WKH VWXGLHG







XVH .UDKQ  )UHGOXQG DQG 9DQDSDOOL PHWKRGV GHSHQG RQ 6:&& 7KH FRPSOH[LW\ RI WKH




6FHQDULR 0RGH 0HWKRG )HOOHQLXV %LVKRS -DQEX
6
6SHQFHU */( 6DUPD
6FHQDULR 6WDWLF 0RKU&RXORPE      
6FHQDULR '\QDPLF 0RKU&RXORPE      
6FHQDULR 6WDWLF 0RKU&RXORPE      
6FHQDULR '\QDPLF 0RKU&RXORPE      
6FHQDULR 6WDWLF 0RKU&RXORPE      
6FHQDULR '\QDPLF 0RKU&RXORPE      
6FHQDULR 6WDWLF 3KLE      
'\QDPLF 3KLE      
6WDWLF )UHGOXQG      
'\QDPLF )UHGOXQG      
6WDWLF 9DQDSDOOL      
'\QDPLF 9DQDSDOOL      
6WDWLF 9LODU      
'\QDPLF 9LODU      
6WDWLF .KDOLOL      





WKLV VWXG\ LV QRW YHU\ H[WHQGHG ZKHQ UHDG\ ZLOO DOORZ UHILQLQJ WKH VKHDU VWUHQJWK SDUDPHWHUV DQG






REWDLQPRUHUHDOLVWLF UHVXOWVDQG WRDVVHVV WKHHIILFLHQF\RIPHWKRGVVXFKDVGUDLQDJH+RZHYHU WKH
DYDLODELOLW\RIDOOXQVDWXUDWHGSDUDPHWHUVLVVFDUFHDQGLQWKHODUJHPDMRULW\RIFDVHVGHVLJQHUVSUHIHUV
WR SHUIRUP DQDO\VLV RQO\ LQ VDWXUDWHG FRQGLWLRQV IRU REWDLQLQJ WKH PLQLPXP SRVVLEOH YDOXH RI WKH
JOREDOVDIHW\IDFWRU2ULIXQVDWXUDWLRQFDQQRWEHDYRLGHGDVLQSUHVHQFHRIGUDLQDJHGHVLJQHUVQHHGD
VLPSOH PHWKRG IRU HVWLPDWLQJ WKH VKHDU VWUHQJWK SDUDPHWHUV LQ XQVDWXUDWHG FRQGLWLRQV 'DWDEDVHV
LQFOXGHG RU QRW LQ FRPPHUFLDO VRIWZDUH FDQ RI FRXUVH EH XVHIXO LQ FDVH RI ODFN RI WHVWV  6RPH
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
PHWKRGVDUHQRZDYDLODEOH IRUHVWLPDWLQJ WKH LQFUHDVH LQ VKHDU VWUHQJWKGXH WR LQFUHDVLQJ LQ VXFWLRQ
DQGVRPHRIWKHVHZHUHXVHGLQWKLVSDSHU
7KHSDSHUKDVUHYLHZHGEULHIO\WKHDYDLODEOHPHWKRGVDQG WKHQDSSOLHGWKHPIRUDFDVHVWXG\,Q
WKH FDVH VWXG\ DQ XQVWDEOH VORSH KDV EHHQ FRQVROLGDWHG XVLQJ PDLQO\ GUDLQDJH PHDVXUHV VLSKRQ
GUDLQVZKRVH HIILFLHQF\ZDV DVVHVVHG XVLQJ VXFWLRQPHDVXUHPHQW RQ VLWH DQG E\ UHHYDOXDWLQJ WKH
VORSH VWDELOLW\ EDVHG RQ PHDVXUHG VXFWLRQ YDOXH DQG RQ LQWURGXFLQJ HVWLPDWHG VKHDU VWUHQJWK





VDIHW\ GRPDLQ ZKLFK FDQ GHPDQG IXUWKHU FRQVROLGDWLRQ PHDVXUHV $Q\KRZ FRQVLGHUDWLRQ RI RQO\
GUDZGRZQRIZDWHUWDEOHFRXOGQ¶WFRUUHFWO\PRGHOWKHUHDOVLWXDWLRQ
$FNQRZOHGJHPHQWV
$XWKRUV DFNQRZOHGJH 6RLO 9LVLRQ &RPSDQ\ IRU SURYLGLQJ OLFHQVH IRU 696ORSH 6RIWZDUH DQG
3URH[URP&RPSDQ\IRUSHUIRUPLQJWKHVLWHLQYHVWLJDWLRQV
5HIHUHQFHV
%LWWHOOL HW DO  0RQLWRULQJ VRLO  ZDWHU DQG GLVSODFHPHQW FRQGLWLRQV OHDGLQJ WR ODQGVOLGH
RFFXUUHQFHLQSDUWLDOO\VDWXUDWHGFOD\V*HRPRUSKRORJ\
)UHGOXQG DQG 5DKDUGMR  6RLO PHFKDQLFV IRU XQVDWXUDWHG VRLOV 1HZ <RUN $ :LOH\
,QWHUVFLHQFH3XEOLFDWLRQ-2+1:,/(<	6216,1&




)UHGOXQG  7HDFKLQJ 8QVDWXUDWHG 6RLO 0HFKDQLFV DV 3DUW RI WKH 8QGHUJUDGXDWH &LYLO
(QJLQHHULQJ&XUULFXOXP6DSSRUR+RNNDLGR-DSDQ9LVLWLQJ3URIHVVRU
)UHGOXQG'* ;LQJ$ )UHGOXQG 0' DQG %DUERXU 6/  7KH UHODWLRQVKLS RI WKH
XQVDWXUDWHGVRLOVKHDUVWUHQJWKWRWKHVRLOZDWHUFKDUDFWHULVWLFFXUYH&DQDGLDQ*HRWHFKQLFDO-RXUQDO










9DQDSDOOL )UHGOXQG3XIDKODQG&OLIWRQ 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0RGHO IRU WKHSUHGLFWLRQRI VKHDU VWUHQJWKZLWK
UHVSHFWWRVLXOVXFWLRQ&DQDGLDQ*HRWHFKQLFDO-RXUQDO
9DQDSDOOL6. 6LOOHUV:6 )UHGOXQG 0'  7KH PHDQLQJ DQG UHOHYDQFH RI UHVLGXDO
ZDWHUFRQWHQWWRXQVDWXUDWHGVRLOVVW&DQDGLDQ*HRWHFKQLFDO&RQIHUHQFH
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